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^^tf* R Ji£ S £3! & h 4 - binap.z: 

itmmm r j£ s ^si^-jk^^-mj^o ^mmm 

*^#Lt5£, ^^R'fHR^JSiJ^C^fft^aiiSUiT 

¥^l§^;R 3 ^ R 4 ##J3f:HJVEp«.Z^#W^ 
-CH 2 CH 2 - I&tfffJ£C^S,S&# R 3 *P R 4 - -CH 2 CH 2 
CH 2 CH 2 — o 




R *J 9 * 4* 



S> #^S> fiTi, PFiX*. i^HS^ l-^S^c 

: R 5 ,R 6 PrW^*J^3R> ¥», HTS> ¥*CS> =t¥Mit; R 3 jUcR 4 
##J3j:H, Ph, Z,m, -CHaCHa-aEJftf^H***. i£#R 3 #lR 4 

= -CH2CH2CH2CH2" o 

h 2 n- r 4 M=.mm&T&=.ni&ttmz-njrmmn-. 
i), ft^uw&mm*, ^mivc^m^ h 4 -binap ^±m-m&imfc\k% 

l:0.5-2.0:0.5-2.0,£ 0-120*C£/& 1-25 'hEtts 

l£#2),^WtrL^f4^'J4 3 , -ffrfT{fc^,H4-BINAPJ»^bk* 1:0.5-2.0, £ 
80-120°C£& 5-30 #1+ i ^^iPA±^WHJK, ft 0-40°C£& 1-24 /jMtf 
3^ H 4 -BINAP-^— J&ftWiUFfcfc* 1:0.5-2.0: 

MJ*W-ifr^T4fc*I*l*[RuCl 2 (C.H 6 )] 2 > [RuCl 2 (C l0 H 14 )] 2 , [RuCl 2 (l, 5-C 8 H 12 )] 2 
HE[RuCl 2 (CO) 3 ] 2 , C 10 H M =^¥S^R»^,1,5-C 8 H I2 =1 5 5-5F^— 




#f&&<J H 4 -BINAP *£$J3£^ 
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si£^ X R 6 , m&M&m%f¥m> jEmm, jet*. hts> 
jfaas. n mmm l-mmm 2-mm<. r s ,r 6 ##j3j^u urm. 

EpftS^S; s£#R 3 ^PR 4 =-CH 2 CH 2 CH 2 CH 2 -o 



jtt w jg 

Kitamura, M.; Noyori, R. (1999) Asymmetric Hydrogenation. In: Ojima, I. (ed) 
Catalytic Asymmetric Synthesis. (2nd Ed.), Wiley-VCH: New York (English) 

2000], mmfmjf^iz^^-mmR^mitmw^^mmmitm.itm^ 

m* 1966 ^, Wilkinson Rh(Ph 3 P) 3 Cl ^-frW^tM^J^ffi^tt 

mUit^fcm&mmfcTlftn [Osborn, J. A.; Jardine, E H.; Young, J. E; Wilkinson 
G. J.Chem.Soc.A 1966, 1711] . 1968 Knowles Horner ^ijJRit 7 ffl^ 

Ph 



a 0 



&&mW^±&]MmW K ^OMe (DIPAMP)$U^-fitJ Wilkinson 

Ji^^^M^Bit^it[Knowles, W. S.; Sabacky, M. J. J. Chem. Soc, Chem. 
Commun.196%, 1445] , [Horner, L.; Siegel, H; Buthe, H. Angew. Chem. Int. Ed. Engl. 
1968,7,942], SfoUfe, &m¥'&mmfoftm&mm&Wmikffi^Mfom,ik& 

m^nji^m^^o 1971 ^ Morrison m&tt%^&mWm3 L &#^f&& 
mm, mmi^m^±m^^m^^M^M^^L[Mornson, J. D.; Burnett, 

R. E.; Aguiar, A. M.; Morrow, C. J.; Phillips, C. J. Am. Chem. Soc. 1971, 93, 1301 ]o 

H 

V°T^ PPh2 

A)-4^ PPh2 

S-Sife^^M Kagan «iJW¥'l46U C 2 MfoMWm%m H (DIOP) 
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ffivEm* mmn&MmT cz) -2-z,mmmmmm^M^m,itmnT 88% 

#J*j-!&3&#t4[Kagan, H. B.; Dang, T. P.; J. Chem. Soc, Chem. Commun. 1971, 
481], [Kagan, H. B.; Dang, T. P.; J. Am. Chem. Soc. 1972, 94, 6429].. S^frftJiA. 



M° 1980 ^^^^ (BINAP) [Yasuda, A.;Takaya, H.; Miyashita, A.; 
Toriumi, K.; Ito, T.; Souchi, T.; Noyori, R. J. Am. Chem. Soc 1980,102, 7392] 

& so ^KAiim%mm^mm)A^m^m^m^Mmuitmitmu^R 

m° 1986 ^ Noyori §rM BINAP $1 mfaMl&Vl^M^&ffiMmMffi&fo $i$> 

#fr¥tt^n c=c, c=o, c=n fojfittffim.ik, nmm&iftrtvkm&&&mfc 

^IT^^^^^^^a^tf^^tJ^i4^^^^^#tt.^!j[Ohata, T.; Takaya, 
H.; Kitamura, M.; Nagai, K.; Noyori, R. J. Org. Chem. 1987, 52, 3174], [Takaya, H.; 
Ohata, T.; Sayo, N.; Komobayashi, H.; Akutagawa, S.; Inoue, S.; Kasahara, I.; Noyori, 
R. J. Am. Chem Soc. 1987, 109, 1596], [Noyori, R; Ohkuma, T.; Kitamura, ML; Takaya, 
H.; Sayo, R; Komobayashi, H.; Akutagawa, S. J. Am. Chem Soc. 1987, 109, 5856], 
[Kitamura, M.; Ohkuma, T; Inoue, S.; Sayo, N.; Komobayashi, H.; Akutagawa, S. 
Ohata, T; Takaya, H.; Noyori, R. J. Am. Chem Soc. 1988, 110, 629] o frM Ru-BINAP 



Dupont Burk mA^^^l^ (DuPHOS)S 



& 7Vt &M4-M4fS[Burk, M. J.; Feaster, J. E.; Harlow, R. L. Organometallics, 1990, 
9,2653], [Burk, M. J. J. Am. Chem. Soc. 1991,113,8518], [Nugent, W. A; Raj anBabu, 
T. V.; Burk, M. J. Science 1993, 259, 479], [Burk, M. J. Acc. Chem. Res. 2000, 33, 
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>t Brain ^sm&ft&^m'&fftMmmw^mTun&mtfttt&mz 

yt¥ffi&fow&m^&i+*n#3yd^j& r P&— §*§m aerate, m^mmu 
itm.^m^nmrn-^^m^m, Noyori 

i^(ft[Ohkuma, T.; Ooka, H.; Hashiguchi, S.; Ikariya, T.; Noyori, R. J. Am. Chem. Soc. 
1995, 117, 2675], [Ohkuma, T.; Ooka, H.; Ikariya, T.; Noyori, R. J. Am. Chem. Soc. 
1995, 117, 10417], [Doucet, H.; Ohkuma, T.; Murata, K.; Yokozawa, T; Kozawa, M.; 
Katayama, E.; England, A. F.; Ikariya, T.; Noyori, R.Angew. Chem. Int. Ed. Engl. 1998, 
37, 1703] , [Ohkuma, T.; Koizumi, M.; Doucet, H.; Pham, T.; Kozawa, M.; Murata, K.; 
Katayama, E.; Yokozawa, T.; Ikariya, T.; Noyori, RJ. Am. Chem. Soc. 1998, 120, 
13529], [Ohkuma, T.; Ishii, D.; Takeno, H.; Noyori, R J. Am. Chem. Soc. 2000, 122, 
6510]o 
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(CHIROPHOS), DIOP, BPE, DuPHOS, 




1 2 vCI /H 2 N^.R 3 

< 2 /ci \h 2 n-^r 4 




.R 5 



iets> ^ts, ^att, wmmmi-mmm2-mmm, 

^*J^:H> Ph, ¥S> -CHaCHa-Dc^f ^#R 3 ^PR 4 

= -CH 2 CH 2 CH 2 CH2- o 

H 2 N^R 3 

fe, gpS^BS#(H 4 -BINAP)fP-^ Ru ^P^^^^^J H 2 N ' r4 




Hj-N^R 3 
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PR 2 [RuCI 2 (C 6 H 5 )] 2 H 2 N^R 4 ^> i Y^ _PR2X< ? l ^ H2N, V R 
2 f / YS-PRpCI \ H 2 N R 4 



PR 2 




SfWttilMt, -iH74t*n^> h 4 -binap JSW#^tli^ 
1:0.5-2.0:0.5-2.0,^ 0-120°C&/S 1-25 <W. 

fTtfc^tK H 4 -BINAP0#tt3j 1:0.5-2.0, £ 80~120 e C£& 5-30 #1+ , j&Js 

&mMu, mA±mm~m, i^-binap tfc* 1:0.5-2.0, « 



0 -40 °C&M -1-24 'Mtt. 

J^&ttWa^ttMPTWS N,N-—¥S f FBfeIBU — ¥£3EWU N,N-Z1 

^^-^€rtt,^^W^*[RuCl 2 (C 6 H 6 )] 2 > [RuCl 2 (C 10 H l4 )] 2 , [RuCl 2 (l, 
5-C 8 H 12 )] 2 ^[RuCl 2 (CO) 3 ] 2 ^ 0 <J£4>: C 10 H 14 =^¥^M*^,1,5-C 8 H 12 =1,5- 



H 4 -BINAP ^fa&T: 




PR 2 



R'^OR 2 ^^: C M2 



o 

TS, ifzSi*, if fF^eSsK 1-*«J« R 5 , R 6 *m##J*ffi. 



H 2 N«w^R 



nm> -cH 2 cH 2 -mtt^m.mmmm, ^# r 3 ^ r 4 =-ch 2 ch 2 ch 2 ch 2 -» 



NH 2 ^^'NH 2 ^^NH 2 
*NH 2 . ^^NH 2 . ^^NH 2 




i&&W&}&J&1j&ffi%-> EH H 4 -BINAP , zHfr«T4k|P**l— K^BPRlWtt* 



c M w«».ini iews^ jet*. &rm, a 

2, 5--^m-3-^mm^ 2-m®m> 3-m®m> 2-ottB$^> 3-ntt 

4-Rttl£S> 5-Zilfegi-2-lttl!ea, 2-*l^*> 3£Z^SJ£ 

A 

B„ A IK B p]-^: D&*> ^TS^ 
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Sin «#"T.tt«4MPJ#fl*gc— ^Wtfc^iJJpA SchlenkJK* , Schlenk 

^^B^ft^mT 60'CM# 10-120 ftikmm* 

4PM 2S*C, ^JS^tt^lfit^TiPAJS**, #?RJ£ 25°CTi&# 15-60 ^ 

&m. *pa lo^ffwan. £ 25-ctm# 2-wmm. ^mM&^m 

mitmit^mmmm^u^ &m,it^ rn.rn.ikw> mn®> mmm> 
mrm^ mrmw> z,mm> z,mw> zmmoi* &\%mw> &mmm. 
ffxmtfy&ttm&M'. ¥«u ~zm> iEnm> #psku jetw> &rm° 

m*&wm&&to±m&i&tart--&wwi s $ i &M c r 7 cor 8 ) ssefi^araw* 
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^ffl^WT, m 125mg [RuCl 2 (C 6 H 6 )J 2 fP 315mg JbA Schlenk 

j&fift schienk i+^^^f^^. mjam&tt&tmAttmm. 

DMF 4 mL, £fc*l&Tftjfca#ift£ 100'CTif# 10 #«$ftfi<J 

1 




Bit 25°CTMW 6 /MM", £ InunHg T^^^tti (i&S'h^ 50*C), J»«^ 
i2mL —U¥^4 , » a**?^*F<W. ^JgJKFat**t»M» 2mL M A 

^#450mg, 89%o 

^ J CI .--HjN^^-^ 
j CI -HjN'^-^ 





ffifinift^T. W 75mg [RuCl 2 (C 6 H 6 )] 2 *0 206mg £qA Schlenk 

&Js# Schlenk JBEflffffiftnS^H^, &JgJB£l*#inA**M]ft 
3in^DMF3mL, miTW^ti 110'CT3« 20 ftSifftt 

titrfe^, *J*»?K)^4PM 25°C, ^£IK^^T;bnA"*-^36mg, 
£ 15*CTif# 3 ^BrT. £ lmmHgT^^Jtt^ (SJK'J^ 50oC), 

217mg, j*^ 80% c 




(3) M Ar=3,5-— 




3: 



^M^-^T, leeJmgCRuCl^QH^fO 0.50g ^-^^ Jjq A Schlenk 
M^, mmm- Schlenk I^^^I^ttH^, iB^M»A^*Mlft 

arntt dmf 5 mL, ^finmT#jtt^:t¥M ioo°ct«# io K¥?, wm.mfo 

H 2 N NH 2 

-OMe 




owe 213mg, 25'CT«# 8 <M#, * lnimHg T#^JMB& (S 

^*&ifc*f§M^ 2mL JqA 15mL «Jt:i£dJ^6»*. ^t_tM$*$£» 




CI ,.-H 2 N 

■7 a"-H 2 N 





PAr 2 
PAr 2 



c g 4> , Ai=^f [ruci 2 (c 6 h 6 )] 2 m 



H 2 N 
H 2 N' 




^ 80% c 



35M#'J 5: 




Ru 

Cl'" - HjN' 




(3^: Ar=3, 




PAr 2 
PAr, 
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^ 80% 0 



o 




NMe 2 



|j^|^^^NMe 2 'PrOH 'BuOK H 2 ^ ^ 



OH 




^ s CI ,-H z N 

' "".Ru 




NMe? 



1 CI "~ HzN'^rf 
Ar 2 (I 

tl^WT. # 3.4mg ' Ai=3,5-^¥S^ 

*R 6.7mg ^TlHWn A SchlenkJfS^, Schlenk ^^-ftiEM^Sifc 

®jsm®ittmnA3G7mti&iiH&iRi%m is mL, ^itb^m^n=^j5 

ftg^^T 60°CMft 30 #M«lfti&jtfe$§$t, ^jit^MM 25'C, 

30 ^Js^S^+^itt^^^MSffi^^. ffi^^i^Hlt+^M^ 

B&*Mm.*%Mn, ^^^^J^ffi^^J. il^Il^M 100%, 

HPLC(Chiralcel OD) ee 98% . 

O ?H 
iprOH 'BuOK H 2 







i hz CI --H 2 N. 
p. _ I - 
Bu 

CI \ H 2 N 

^ItnOft^T. ^3.0mg ^JpASchlenkM^, *S 

fem Schlenk JR^n^fflft^IftH^, &j5&&n«rTffl£l«APA^7lC 
tflj^iinW^MIf 60 mL m 3.0 mL(lM) ^TBW^i^mmWLR^M 

36 g , ^itt^^=^,^^¥**l+^itb^^^S^Jlig , t , » 



li 



»ffii£*MI&*t<h'frSftH&M. 50 jz^&Mm.H, & 40°CT$# 48 <h 
$£ifc^ 100%, HPLC(Chiralcel OD) ee 80% • 

o ? H 




SiiWT, W 1.2mg (|£*:Ar=3, 5-~¥S^ 

S)#pA Schlenk US*, Schlenk M*¥mbf$M.HW&=®.> ^Js^fi** 

ft^Tffl&MSiPASTkWflft&nW^l? 10 mL *P 0.4 mL(lM) WATWtt" 

w#pf##*ae-i»ZxS o.85 g , m&mm&^&MB&tti&*wik&&. 

jRIflMfii**. ^i&^ISM^'fW 100%, HPLC(ChiralpakAS)ee82% 0 

O ? H 
'PrOH 




BuOK 





? h2 ci H 2 N 

p- , 1 ' 
. - 

" Cl ~\ H 2 N 

Sffln^T, ftl.lmg Ph2 ^ #P A Schlenk Jffi*. $ 

Jg)» Schlenk Jfc**UW8«n**H&. «J§£*n«**T«a*MMnA** 
fitJfl^ii^W^pgSI 10 mLW 0.4 mL(lM) M$CT&&&}&V*&&%i&B 
o.85g, WllfilH^^BWiiWISIfilfit. /a»*l*F 
i*ffii£*tok^'h'C>«*H&j§, *pA io^nffiW«n. # 20'CT$# 20 /> 

100%, HPLC(Chiralpak AS) ee 80% . 
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mmm 10: m^mmvc 

fij7c 100%, HPLCee91% 0 

O 




7 0 100%, HPLCee89% 0 




W 12: fKjTOfftMA 
$f4fc^ 100%, HPLCee92%» 




£«|J13:°2 N W*X*ffcM4fc 
#|J7* 100%, HPLCee97% 0 




#J7= $Hfc^ 100%, HPLCee95%* 
O 




&ifcM 15: W^W^ft 
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- « ft a 




#!|6o 100%, HPLC ee 85%. 




^jfi^u i6: 



o 

W 6„ $Hfc* 100%, HPLC ee 70%c 

$ZMffl 17: ^ fflWfa&tfc 

O 

tfeVcM 100%, HPLC ee 86%, 



OCH 3 o 




^j6ffi#| 18: ffi^Mfo&VC 
OCH3 0 




7 0 100%, HPLC ee 90%, 




^iffiM 19: ffij^^rafcfiifc 

O 




M^'J 7o *f 100%, HPLC ee 80%. 
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o 



o 

V CF 3 
o 

-CF 3 




80 $£4fc^ 100%, HPLCee94% t 



O 




o 

fjj4c 100%, HPLCee91%o 




7 0 tfcit^ 100%, HPLCee93%o 
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^mm 24-. M^xms.ik 

o 




100%, HPLC ee 94%. 



O F 




O F 




7o 100%, HPLC ee 95%. 



O 

-O 

^»)J26: ^ t&^MffimU. 

o 





$#ifc3fS 100%, HPLC ee 94%< 



O 




o 

100%, HPLC ee 95%. 
O 

-S 




mmm 28: NMe2 m^mffimit 



o 



16 



Mffllo $f-fW 100%, HPLCee81% 0 



29: 





$tifc^l00%, HPLCee92% 
O 



o 




$=MW 30: 



glfcmio $HW 100%, HPLCee96%, 



O OCH 3 



mmm 31: 





O OCH3 



7o 100%, HPLCee97%c 

O 



£I£#'J 32: 




ij7 0 $Hfc¥l00%, HPLCee96%c 
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